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Appendix
Appendix 1
The stock population of Neolamprologus pulcher maintained at the Ethologische Station Hasli is derived from wild-caught fish and their offspring. The founder population originated from the southern tip of Lake Tanganyika, close to the village of Kasakalawe (next bigger town: Mpulungu), and has been complemented by fish caught at later stages from the same geographic area. Stock tanks were kept at a constant temperature of 25-27°C, with water chemistry resembling that of Lake Tanganyika, i.e. a pH of about 8-8.5 and a general hardness of 7-14°. Lighting was set to a constant 12:12 L:D cycle with short phases of twilight at ‘dusk’ and ‘dawn’ (20 minutes of gradual increase/decrease of light). Stock tanks were maintained with internal biological filters and 3-5cm of sand covering the whole bottom. No breeding shelters were provided to prevent reproduction. Semi-opaque plastic bottles near the water surface served as refuges for fish attacked by others, but they were not suitable for breeding. Fish were fed 6 days a week with either dry flake food or defrosted fresh food (a mixture of crustaceans, mosquito larva, and vegetables).




Appendix 2 (social integration experiment)
The social integration experiment was performed over the course of four weeks in July and August 2011.  We used fish from our lab population (see Appendix 1 and 3). Each of 93 helper-sized fish underwent the same general procedure following the same schedule. Fish differed in the VIE tags they received with regards to colour and position.
On day 0, a helper-sized fish was caught from its stock tank and received its tags (or sham-tags). Afterwards, it was transferred to an isolation tank to allow recovery from the tagging procedure without interference by other fish, and to facilitate monitoring of its recovery. 
On day 3, the fish was transferred from the isolation tank to the experimental tank. This tank was 30x65x50cm (width x length x height) in size, its bottom was covered with 3-5cm of sand, and it was furnished with four shelters on the ground (earthenware flowerpot halves) and a biological internal filter in the back of the tank. A semi-opaque plastic bottle close to the surface served as refuge for evicted individuals (Zöttl et al. 2013b). The aquaria were illuminated by fluorescent tubes from above, and the light:dark cycle was set to 12:12h. Water temperature was kept at a constant 26°C (±1°C). 
On day 8 we introduced a prospective breeder pair to the experimental tank. These larger individuals came from separate stock tanks and were unfamiliar to the helper-sized focal fish and to each other. A total of 24 males and 24  females were used in these experiments, which were haphazardly assigned to a helper-sized fish in a way as to ensure that the respective male was always larger than the female, reflecting natural conditions (Taborsky 2016). Following the concept of the 3R´s we aimed at keeping the total number of fish low (Russel and Burch 1959). Therefore, we re-used the potential breeders up to four times. To exclude potential effects of habituation or familiarity among the breeder-sized fish on acceptance of helper-sized fish, we reshuffled members of pairs for each replicate. One female died during the experiment and was replaced by a similar-sized one. When not used in the experiments, the breeder-sized fish were kept in individual isolation tanks. At the end of the experiments, they were returned to their respective stock tanks.
On day 10, we assessed whether a given helper-sized fish had been accepted as subordinate helper by the prospective breeders, or whether it was not tolerated within the dominants’ territory. This assessment was based on 5 minutes of observation during which we scored the amount of affiliative and aggressive interactions between the helper-sized focal fish and the two potential breeders (Sopinka et al. 2009), as well as the proportion of time the helper-sized fish spent inside the potential breeders’ territory. If the helper-sized focal fish was frequently harassed, overtly attacked several times per minute and not permitted to enter the breeders’ territory without receiving aggression, or if it spent most of its time outside the breeders’ territory, we scored the focal fish as not-accepted (Zöttl et al. 2013b). After this assessment, all fish were returned to their respective individual isolation tanks (breeder-sized fish) or their respective stock tanks (helper-sized fish).
We followed this routine for 24 helper-sized fish at a time, and repeated the whole procedure 4 times in order to assess a total of 93 fish (3 replicates had to be terminated early due to the death of a fish). The standard length and weight of all helper-sized fish was measured on day 10 of the experiment, i.e. after all behavioural data had been collected. The standard length and weight of all breeder-sized fish was measured twice, once in the week before the first round of replicates and once at the end of all 93 replicates, and the average of these two measurements was used in all analyses). 
 
Appendix 3 (long-term laboratory experiment)    
This experiment lasted from August 2012 to August 2013 and encompassed the initial tagging and subsequent monitoring of fish in the aquarium. On August 23rd and 24th 2012, a total of 51 fish were haphazardly caught from various mixed-sex stock tanks of the long-standing laboratory population. 
On the day of their capture, 41 of the fish used in this experiment were tagged with 1-2 coloured VIE tags per lateral side, while 10 were sham-tagged. Fish had their respective tag(s) assigned in the following way: upon retrieval from its original stock tank, a fish’s size (SL) and sex were determined and it was haphazardly decided whether it would be a tagged or a sham-tagged individual. Subsequently, the fish was tagged with a combination of position(s) and colour(s) haphazardly chosen from a list of pre-defined combinations. Based on previous experience in the field, we chose to focus on those colours that were most easily identified in the field (red, orange, pink). Furthermore, positions 4 and 8 proved most difficult to tag in the field and were consequently avoided in this experiment. At each position, we only applied a single tag for a total maximum of two tags per lateral side (of the same or different colours), resulting in two or four tags per individual fish.
Upon receiving its tags, a fish was moved to one of two 400l stock tanks outfitted as described in Appendix 1. We aimed to distribute fish as evenly between the two tanks as possible with regards to sex and size, and we ensured that each tank contained half of the sham-tagged fish. We checked both tanks daily for dead individuals or signs of disease or stress throughout the study duration. In addition, every month we caught all fish from both tanks and recorded the state of their tags. Upon conclusion of the experiment on August 23rd 2013, we caught all remaining fish, recorded the state of their tags, measured their size, and distributed them among different stock tanks. All analyses presented here are based on this final recording.
In total, we used 26 females (mean SL in August 2012: 4.1cm, range: 3.4-4.8) and 25 males (mean SL in August 2012: 4.2cm, range: 2.9-5.9). Twenty-one of the females and 19 of the males survived until August 2013 (female mean SL in August 2013: 4.9cm, range: 3.8-5.8; male mean SL in August 2013: 5.2cm, range: 3.2-6.3cm).
Tags were first recorded as lost after four months (two tags: red at position five; black at position 2), five months (two tags: orange at position 3; pink at position 2), six months (three tags: red at position 9; red at position 6; pink at position 3), seven months (one tag: pink at position 6), eight months (three tags: two orange tags at position 4; red at position 5), nine months (one tag: pink at position 7), and ten months (four tags: two red tags at position 1; two orange tags at position 2), respectively.
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	Figure Appendix 3.1: Rates of correct identification of VIE tag positions in the long-term laboratory experiment. Black areas of bars represent the proportion of correctly identified tags, white areas represent tags that were lost. Numbers above bars give the respective sample size of individual tags. There was no effect of tag position on rates of correct recognition (see Results).
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	Figure Appendix 3.2: Rates of correct identification of VIE tag colours in the long-term laboratory experiment. Black areas of bars represent the proportion of correctly identified tags, white areas represent tags that were not correctly identified (i.e. they were lost, see Results). Numbers above bars give the respective sample size of individual tags. There was no effect of tag colour on rates of correct recognition (see Results). 


  

Appendix 4 (long-term field experiment)
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	Figure Appendix 4.1: Rates of correct identification of VIE tag positions in the long-term field experiment. Black areas of bars represent the proportion of correctly identified tags, white areas represent tags that were not correctly identified or lost. Numbers above bars give the respective sample size of individual tags (pooled for both lateral sides, see Methods). Tag position did not influence rates of correct identification (see Results).
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	Figure Appendix 4.2: Rates of correct identification of VIE tags in the long-term field experiment. In A, identification rates for tag positions are given, in B identification rates for tag colours are shown.  Black areas of bars represent the proportion of correctly identified tags, white areas represent tags that were not correctly identified or lost. Data were sorted according to whether the tag had been checked one or two years after its initial injection. Numbers above bars give the respective sample size of individual tags (pooled for both lateral sides, see Methods). Time elapsed did not significantly influence rates of correct recognition (see Results), although there was a trend for better recognition of colours after two years.
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	Figure Appendix 4.3: The influence of an individual fish’s initial size on the rate of correct identification of a tag’s colour in the long-term field experiment. Each point represents an individual tag, the line shows values predicted from the respective GLM. The larger the fish bearing a tag was initially, the higher the probability that the colour of a tag it bore was identified correctly (see Results).






Appendix 5 (long-term growth)
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	Figure Appendix 5: Growth of individual fish over the observation period as a function of their size at the time of initial tagging. Each point represents one individual fish (n=187), the line gives the linear regression (Growth = -0.47*Initial Size + 2.88; t=-11.37, p<0.01). All measurements were taken in cm standard length (SL; see Methods) to the nearest 0.1cm.
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